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(57) A new cathode design having a first cathode ac-
tive material of a relatively low energy density but of a
relatively high rate capability contacted to one side of a
current collector and a second cathode active material
having a relatively high energy density but of a relatively
low rate capability contacted to the opposite side thereof

is described. A preferred cathode is: SVO/current collec-
tor/CFx with the CFx facing a lithium anode body devoid
of a screen-type current collector. The lithium anode is
either supported directly on the inner casing sidewall or
is contacted to a relatively small strip of metal devoid of
perforations and serving as an anode current collector
electrically connected to the negative terminal.
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Description

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This application claims priority from U.S. Provi-
sional Application Serial No. 61/256,518, filed October
30, 2009.

BACKGROUND OF THE INVENTION

1. Field of Invention

[0002] This invention relates to the conversion of
chemical energy to electrical energy. In particular, the
present invention relates to various new cell designs
comprising a cathode having a first cathode active ma-
terial of a relatively low energy density but of a relatively
high rate capability contacted to one side of a current
collector and with a second cathode active material hav-
ing a relatively high energy density but of a relatively low
rate capability in contact with the opposite side thereof.
The anode comprises lithium foil as a relatively thin metal
strip, such as of nickel or stainless steel, devoid of per-
forations and serving as both a current collector and lead.
The present cell designs are useful in applications where
a premium is placed on increased energy density, such
as in power sources associated with implantable medical
devices.

2. Prior Art

[0003] Electrochemical cells are predominantly used
as the power source for implantable medical devices
such as cardiac pacemakers, defibrillators, neurostimu-
lators, drug pumps, hearing assist devices, and bone
growth devices. Such implantable medical devices gen-
erally comprise a housing containing circuitry for control-
ling functioning of the medical device and at least one
electrochemical cell for powering the control circuitry. De-
pending on the application, the requirements on the cell’s
electrochemical properties, such as power capability and
energy density, are very different. However, lithium-
based cell systems are preferred as the power source
for implantable medical device applications. Currently
used ones incorporate various cathode active materials
including silver vanadium oxide (SVO), carbon monfluo-
ride (CFx), iodine, manganese dioxide (MnO2), thionyl
chloride, a mixture of SVO/CFx, and a sandwich of SVO/
current collector/CFx.
[0004] Regardless the cathode active material, a nov-
elty of the present invention lies in the incorporation of a
screen-less current collector in the anode. The screen-
less current collector is in the form of a distal foil tab and
a proximal extending foil portion meeting each other at
a junction imbedded in the anode body. This structure
replaces the conventional anode current collector
screen. As will be discussed in more detail in this appli-
cation, it is preferred that the screen-less current collector

have extending portions "angularly radiating" from the
center of the anode.
[0005] Cantave et al. in U.S. Patent No. 6,443,999 dis-
closes a primary lithium electrochemical cell which has
a nickel tab placed at a bottom corner of the anode sheet.
The tab is a small rectangular piece of metal of a length
that is slightly greater than its width. Importantly, the tab
disclosed by Cantave lacks angularly radiating portions
or elements. That means this prior art collector structure
may not necessarily be as efficient as the present current
collector in directing current from the peripheral edges
of locations of the anode to the tab. For that reason, the
prior art tab of Cantave et al. could result in unreacted
lithium being left behind after the cell has reached end-
of-life discharge. Unreacted lithium is wasted and de-
tracts from the cell’s volumetric efficiency.
[0006] Thus, there is a need to develop new electro-
chemical cell systems having good performance charac-
teristics suitable for powering implantable medical devic-
es with lower manufacturing costs. The present cell sys-
tems comprising a metal strip devoid of perforations, but
having arm of proximal portions emanating from a distal
tab/current collector portion in a radial manner toward
edges of the anode are believed to achieve these objec-
tives.

SUMMARY OF THE INVENTION

[0007] Accordingly, the present invention is directed
to improvements in the performance of lithium electro-
chemical cells by providing new concepts in cell design.
The new cell designs are preferably of: Li-[SVO/current
collector/CFx - Li]n. Either one or two layers of separator
are placed between the cathode and anode assemblies
and the anode is made from lithium foil devoid of a screen-
type anode current collector. The anode contains a rel-
atively thin strip of nickel or stainless steel devoid of per-
forations and serving as both a lead and current collector.
A relatively thin strip foil costs much less than a screen-
type anode current collector.
[0008] Accordingly, these and other objects of the
present invention will become increasingly more appar-
ent to those skilled in the art by reference to the following
description read in conjunction with the appended draw-
ings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0009]

Fig. 1 is a perspective view, partly broken away, of
an anode 10 according to the prior art.
Fig. 2 is a cross-sectional view along line 2-2 of Fig. 1.
Fig. 3A is a perspective view, partly broken away, of
an anode 10 according to the present invention.
Fig. 3B is an alternate embodiment of an anode 100
according to the present invention.
Fig. 4 is a cross-sectional view along line 4-4 of Fig. 3.
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Fig. 5 is an alternate embodiment of an anode 200
according to the present invention.
Fig. 6 is a cross-sectional view along line 6-6 of Fig. 5.
Fig. 7 is an alternate embodiment of an anode 300
according to the present invention.
Fig. 8 is a cross-sectional view along line 7-7 of Fig. 7.
Fig. 9 is a perspective view partially in phantom, of
an anode assembly 400 according to the present
invention.

DETAILED DESCRIPTION OF THE PREFERRED EM-
BODIMENTS

[0010] An electrochemical cell according to the
present invention comprises an anode of lithium metal
and its intermetallic compounds including, for example,
Li-Si, Li-Al, Li-B, Li-Mg, and Li-Si-B alloys. The greater
the amounts of the intermetallic compound such as alu-
minum present by weight in the alloy, however, the lower
the energy density of the cell. The form of the anode may
vary, but preferably it is a thin sheet or foil of lithium metal.
[0011] The electrochemical cell further comprises a
cathode of electrically conductive material, which serves
as the other electrode. The cathode is preferably of solid
materials. The electrochemical reaction at the cathode
involves conversion of ions which migrate from the anode
to the cathode into atomic or molecular forms. The solid
cathode may comprise a first active material of a carbon-
aceous chemistry and a second active material of a metal
element, a metal oxide, a mixed metal oxide, a metal
sulfide, and combinations thereof. The metal oxide, the
mixed metal oxide, and the metal sulfide of the second
active material have a relatively lower energy density but
a relatively higher rate capability than the first carbona-
ceous active material.
[0012] More particularly, the first active material is of
a relatively high energy density and a relatively low rate
capability in comparison to the second cathode active
material. The first active material is preferably a carbon-
aceous compound prepared from carbon and fluorine,
which includes graphitic and nongraphitic forms of car-
bon, such as coke, charcoal or activated carbon. Fluor-
inated carbon is represented by the formula (CFx)n,
wherein x varies between about 0.1 to 1.9 and preferably
between about 0.5 and 1.2, and (C2F)n, wherein n refers
to the number of monomer units, which can vary widely.
[0013] The cathode design further includes a second
active material formed by the chemical addition, reaction,
or otherwise intimate contact of various metal oxides,
metal sulfides and/or metal elements, preferably during
thermal treatment, sol-gel formation, chemical vapor
deposition or hydrothermal synthesis in mixed states.
The active materials thereby produced contain metals,
oxides and sulfides of Groups IB, IIB, IIIB, IVB, VB, VIB,
VIIB and VIII, which includes the noble metals and/or
other oxide and sulfide compounds. A preferred second
cathode active material is a reaction product of at least
silver and vanadium.

[0014] One preferred mixed metal oxide is a transition
metal oxide having the general formula SMxV2Oy where
SM is a metal selected from Groups IB to VIIB and VIII
of the Periodic Table of Elements, and wherein x is about
0.30 to 2.0 and y is about 4.5 to 6.0 in the general formula.
By way of illustration, and in no way intended to be lim-
iting, one exemplary cathode active material comprises
silver vanadium oxide having the general formula
AgxV2Oy in any one of its many phases, i.e., β-phase
silver vanadium oxide having in the general formula x =
0.35 and y = 5.8, γ-phase silver vanadium oxide having
in the general formula x = 0.80 and y = 5.40, and ε-phase
silver vanadium oxide having in the general formula x =
1.0 and y = 5.5, and combination and mixtures of phases
thereof. For a more detailed description of such cathode
active materials reference is made to U.S. Pat. No.
4,310,609 to Liang et al., which is assigned to the as-
signee of the present invention and incorporated herein
by reference.
[0015] Another preferred composite transition metal
oxide cathode material includes V2Oz wherein z ≤ 5 com-
bined with Ag2O having silver in either the silver(II), silver
(I) or silver(0) oxidation state and CuO with copper in
either the copper(II), copper(I) or copper(0) oxidation
state to provide the mixed metal oxide having the general
formula CuxAgyV2Oz, (CSVO). Thus, the composite
cathode active material may be described as a metal
oxide-metal oxide-metal oxide, a metal-metal oxide-met-
al oxide, or a metal-metal-metal oxide and the range of
material compositions found for CuxAgyV2Oz is prefera-
bly about 0.01 ≤ z ≤ 6.5. Typical forms of CSVO are
Cu0.16Ag0.67V2Oz with z being about 5.5 and
Cu0.5Ag0.5V2Oz with z being about 5.75. The oxygen con-
tent is designated by z since the exact stoichiometric pro-
portion of oxygen in CSVO can vary depending on wheth-
er the cathode material is prepared in an oxidizing at-
mosphere such as air or oxygen, or in an inert atmos-
phere such as argon, nitrogen and helium. For a more
detailed description of this cathode active material refer-
ence is made to U.S. Patent Nos. 5,472,810 to Takeuchi
et al. and 5,516,340 to Takeuchi et al., both of which are
assigned to the assignee of the present invention and
incorporated herein by reference.
[0016] In a broader sense, it is contemplated by the
scope of the present invention that the first active material
of the present cathode design is any material which has
a relatively higher energy density but a relatively lower
rate capability than the second active material. In addition
to fluorinated carbon, Ag2O, Ag2O2, CuF2, Ag2CrO4,
MnO2 and even SVO itself are useful as the first active
material, and in addition to silver vanadium oxide and
copper silver vanadium oxide, V2O5, MnO2, LiCoO2,
LiNiO2, LiMn2O4, TiS2, Cu2S, FeS, FeS2, copper oxide,
copper vanadium oxide, and mixtures thereof are useful
as the second active material.
[0017] Before fabrication into an electrode for incorpo-
ration into an electrochemical cell, the first and second
cathode active materials prepared as described above
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are preferably mixed with a binder material such as a
powdered fluoro-polymer, more preferably powdered
polytetrafluoroethylene or powdered polyvinylidene flu-
oride present at about 1 to about 5 weight percent of the
cathode mixture. Further, up to about 10 weight percent
of a conductive diluent is preferably added to the cathode
mixture to improve conductivity. Suitable materials for
this purpose include acetylene black, carbon black and/or
graphite or a metallic powder such as powdered nickel,
aluminum, titanium, and stainless steel. The preferred
cathode active mixture thus includes a powdered fluoro-
polymer binder present at about 3 weight percent, a con-
ductive diluent present at about 3 weight percent and
about 94 weight percent of either the first or the second
cathode active materials.
[0018] Cathode components are prepared by rolling,
spreading or pressing the first and second cathode active
materials onto opposite sides of a suitable current col-
lector selected from the group consisting of stainless
steel, titanium, tantalum, platinum, gold, aluminum, co-
balt nickel alloys, highly alloyed ferritic stainless steel
containing molybdenum and chromium, and nickel-,
chromium-, and molybdenum-containing alloys. The pre-
ferred current collector material is titanium, and most
preferably the titanium cathode current collector has a
thin layer of graphite/carbon paint applied thereto. Cath-
odes prepared as described above may be in the form
of one or more plates operatively associated with at least
one or more plates of the lithium anode material, or in
the form of a strip wound with a corresponding strip of
lithium in a structure similar to a "jellyroll".
[0019] In order to prevent internal short circuit condi-
tions, the cathode is separated from the lithium anode
by a suitable separator material. The separator is of elec-
trically insulative material that is chemically unreactive
with the anode and cathode active materials and both
chemically unreactive with and insoluble in the electro-
lyte. In addition, the separator material has a degree of
porosity sufficient to allow flow there through of the elec-
trolyte during the electrochemical reaction of the cell. Il-
lustrative separator materials include fabrics woven from
fluoropolymeric fibers including polyvinylidine fluoride,
polyethylenetetrafluoroethylene, and polyethylenechlo-
rotrifluoroethylene used either alone or laminated with a
fluoropolymeric microporous film, non-woven glass,
polypropylene, polyethylene, glass fiber materials, ce-
ramics, a polytetrafluoroethylene membrane commer-
cially available under the designation ZITEX (Chemplast
Inc.), a polypropylene membrane commercially available
under the designation CELGARD (Celanese Plastic
Company, Inc.) and a membrane commercially available
under the designation DEXIGLAS (C.H. Dexter, Div.,
Dexter Corp.).
[0020] The electrochemical cell further includes a non-
aqueous, ionically conductive electrolyte which serves
as a medium for migration of ions between the anode
and the cathode during electrochemical reactions of the
cell. The electrochemical reactions at the electrodes in-

volve conversion of ions in atomic or molecular forms
which migrate from the anode to the cathode. Thus, suit-
able nonaqueous electrolytes are substantially inert to
the anode and cathode materials, and they exhibit those
physical properties necessary for ionic transport, namely,
low viscosity, low surface tension and wettability.
[0021] A suitable electrolyte has an inorganic, ionically
conductive salt dissolved in a nonaqueous solvent, and
more preferably, the electrolyte includes an ionizable lith-
ium salt dissolved in a mixture of aprotic organic solvents
comprising a low viscosity solvent and a high permittivity
solvent. Suitable lithium salts capable of serving as a
vehicle for migration of lithium ions to intercalate or react
with the cathode active materials include LiPF6, LiBF4,
LiAsF6, LiSbF6, LiClO4, LiO2, LiAlCl4, LiGaCl4, LiC
(SO2CF3)3, LiN(SO2CF3)2, LiSCN, LiO3SCF3,
LiC6F5SO3, LiO2CCF3, LiSO6F, LiB(C6H5)4, LiCF3SO3,
and mixtures thereof.
[0022] Low viscosity solvents useful with the present
invention include esters, linear and cyclic ethers and di-
alkyl carbonates such as tetrahydrofuran (THF), methyl
acetate (MA), diglyme, triglyme, tetraglyme, dimethyl
carbonate (DMC), 1,2-dimethoxyethane (DME), 1,2-di-
ethoxyethane (DEE), 1-ethoxy,2-methoxyethane (EME),
ethyl methyl carbonate, methyl propyl carbonate, ethyl
propyl carbonate, diethyl carbonate, dipropyl carbonate,
and mixtures thereof, and high permittivity solvents in-
clude cyclic carbonates, cyclic esters and cyclic amides
such as propylene carbonate (PC), ethylene carbonate
(EC), butylene carbonate, acetonitrile, dimethyl sulfox-
ide, dimethyl formamide, dimethyl acetamide, γ-valerol-
actone, γ-butyrolactone (GBL), N-methyl-pyrrolidinone
(NMP), and mixtures thereof. The preferred electrolyte
is 0.8M to 1.5M LiAsF6 or LiPF6 dissolved in a 50:50
mixture, by volume, of propylene carbonate as the pre-
ferred high permittivity solvent and 1,2-dimethoxyethane
as the preferred low viscosity solvent.
[0023] One preferred embodiment of a cell according
to the present invention has a lithium anode electrochem-
ically associated with one of the previously described
cathode active materials contacted to opposite sides of
a cathode current collector. Examples of this are a Li/SVO
or Li/CFx couple.
[0024] Another embodiment comprises CFx, which
has a relatively low power or rate capability but a relatively
high energy density or volumetric capability, and SVO,
which has a relatively low energy density but a relatively
high rate capability, individually contacted to opposite
sides of a cathode current collector screen. Therefore,
one exemplary cathode design has the following config-
uration:

Design 1: SVO/current collector/CFx

[0025] Another embodiment has the high rate cathode
material (SVO) directly contacting the current collector
with the relatively low rate/high capacity material (CFx)
being in direct contact with the high rate material. This

5 6 



EP 2 317 591 A1

5

5

10

15

20

25

30

35

40

45

50

55

cathode design has the following configuration:

Design 2: SVO/current collector/SVO/CFx

[0026] Another alternative cathode design has the fol-
lowing configuration:

Design 3: CFx/SVO/current collector/SVO/CFx

[0027] Still another cathode design has the following
configuration:

Design 4: SVO/CFx/current collector/CFx/SVO

[0028] In the above cathode designs, the common
structure is that they all utilize a single cathode current
collector, which results in a lower material cost in com-
parison to the sandwich cathode design of: SVO/current
collector/CFx/current collector/SVO described in U.S.
Patent No. 6,551,747 to Gan.
[0029] Additionally, the present invention provides the
following cell design:

anode/[separator(s)/cathode/separator(s)/anode]n

wherein n ≥ 1 and the cathode has one of the structures
shown above.
[0030] To further lower the cost of cell manufacturing,
a screen-less anode design is used. For a typical lithium
cell design, in order to utilize the cell volume efficiently,
the relative capacity ratio of the anode vs. the cathode
is designed around 1 � 0.3. Since lithium is consumed
during cell discharge, the lithium foil shrinks and part of
the lithium can loss contact with the remaining lithium
contacted to the anode current collector. That is in con-
trast to the tab disclosed by the previously discussed
patent to Cantave et al., lacks angularly radiating portions
or elements. For that reason, the prior art tab of Cantave
et al. could result in unreacted lithium being left behind
after the cell has reached end-of-life discharge. Unreact-
ed lithium is wasted and detracts from the cell’s volumet-
ric efficiency.
[0031] Figs. 1 and 2 illustrate a typical prior art anode
10. The anode comprises an anode current collector 12
in the form of a screen-type structure. The current col-
lector 12 has a front major side 14 and an opposed back
major side 16, both extending to and meeting with an
upper edge 18, a lower edge 20, a right edge 22 and a
left edge 24. The current collector 12 is in the form of a
screen with the edges 18, 20, 22 and 24 forming a pe-
ripheral border surrounding a plurality of perforations 26
extending to the opposed major sides. The perforations
26 are shown having a diamond shape, but they can have
virtually any shape and be of a density ranging from about
20% to as much as 90% of the current collector area. An
integral tab 28 having a width significantly less than the
distance between the right and left edges 22, 24 extends
upwardly from the upper edge 16.

[0032] The anode is built by press contacting two piec-
es 30 and 32 of lithium metal, or alloy thereof, in sheet
or foil form to the opposed major sides 14, 16 of the cur-
rent collector screen 12. This locks the lithium sheets 30,
32 together through the perforations 26. The lithium
sheets are somewhat larger than the current collector 12
so that the peripheral border 18, 20, 22 and 24 is covered
and encased in the lithium. Finally, a separator 34 enve-
lopes the lithium supported on the anode current collector
12 except for the extending tab 28. The anode current
collector 12 then serves as a path of electrical continuity
between the lithium metal and the external circuit.
[0033] The cost of an anode having a prior art current
collector similar to that shown in Figs. 1 and 2 is higher
than one devoid of a screen-type structure. Since lithium
metal is a very good electrical conductor, the need for an
anode current collector screen can be avoided if at the
end of cell discharge life, isolation of portions of the lith-
ium sheet, particularly at the outer reaches thereof (for
example, adjacent to the border formed by edges 18, 20,
22 and 24 of the prior art anode 10), can be prevented.
In that respect, the present invention has n = 1 or n > 1
in a cell configuration of:

anode/[separator(s)/cathode/separator(s)/anode]n
and uses a metal lead that is not a screen, i.e., is
devoid of perforations, in place of the prior art anode
current collector screen 12.

[0034] Figs. 3A, 3B and 4 illustrate an anode 100 de-
void of a screen-type current collector. The anode 100
comprises two sheets of foils of lithium metal, or alloy
thereof, pressed to each other with an anode current col-
lector 116 according to the present invention captured
there between. This construction provides the anode
body 102 having a front major side 104 and an opposed
back major side 106, both extending to and meeting with
an upper edge 108, a lower edge 110, a right edge 112
and a left edge 114. The lithium edges 108, 110, 112 and
114 form a peripheral border. The anode current collector
116 is in the form of a metal strip having a relatively nar-
row, but substantially constant width significantly less
than the distance between the right and left anode edges
112, 114 extending upwardly from the upper edge 108
of the lithium body 102.
[0035] The current collector 116 is devoid of perfora-
tions and comprised of a metal lead substantially cen-
tered between the lithium sheets of the body 102 and
which comprises a distal portion 116A extending upward-
ly through the lithium body from a junction 116B meeting
a proximal portion 116C. In a preferred embodiment, the
current collector 116 is "L-shaped" where there is a 90°
angle between the distal portion 116A and the proximal
portion 116C at the current collector junction 116B. The
current collector 116 serves as a path of electrical con-
tinuity between the lithium body 102 and an external cir-
cuit when the distal end 116A is connected to a casing
(not shown) serving as the negative terminal of a cell.
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[0036] While the preferred embodiment of the current
collector 116 is "L-shaped" where there is a 90° angle
between the distal portion 116A and the proximal portion
116C at the current collector junction 116B, the angle
between the portions 116A, 116B can range from about
20° to about 160° with the distal portion 116A extending
towards the right edge 112. The distal portion 116A can
also extend from about 200° to about 340° toward the
left edge 114. It should be noted that the angle between
the distal and proximal portions 116A, 116B is measured
from a reference position in which the long axis of the
distal portion 116A is perpendicular to the top edge 108
and the longitudinal axis of the proximal portion 116C
extends towards the lower or right edge 110, 112. For
example, an angle of 20° would approximate the respec-
tive distal and proximal portions 116A and 116B in a one
o’clock position with the proximal portion 116C extending
toward the right edge 112. An angle of 340° would ap-
proximate the respective distal and proximal portions
116A, 116B in a position similar to an eleven o’clock po-
sition with the proximal portion 116C extending toward
the left edge 114.
[0037] As shown in Fig. 4, the current collector 116 is
preferably centered between the front and back sides
104 and 106 of the lithium body 102. The proximal portion
116C preferably lies parallel to the plane that bisects the
top and bottom edges 108, 110. The distal portion 116A
preferably lies parallel to the plane that bisects left and
right edges 112, 114. The perpendicular bisecting axes
are illustrated in Figs 3A, 5, and 7 as dashed lines that
lie along the center axis between the right and left edges
112, 114 as well as between the top and bottom edges
108, 110.
[0038] The junction 116B is preferably centered be-
tween the top and bottom edges 108, 110 and between
the right and left edges 112, 114. This is illustrated in Fig.
3A with the anode being divided into four generally equal
areas indicated as A, B, C and D. Each of these areas
is defined as having a width being equally distant from
the right and left edges 112, 114 and having a length
being equally distant from the top and bottom edges 108,
110.
[0039] Area A is defined as the space that lies to the
left of the axis that bisects the top edge 108 and the bot-
tom edge 110 of the anode body 102 and above the axis
that bisects the left edge 114 and right edge 112 thereof.
Area B is defined as the area that lies to the right of the
axis that bisects the top edge 108 and the bottom edge
110 of the anode body 102 and above the axis that bisects
the left edge 114 and right edge 112 thereof. Area C is
defined as the area that lies to the left of the axis that
bisects the top edge 108 and the bottom edge 110 of the
anode body 102 and below the axis that bisects the left
edge 114 and right edge 112 thereof. Area D is defined
as the area that lies to the right of the axis that bisects
the top edge 108 and the bottom edge 110 of the anode
body 102 and below the axis that bisects the left edge
114 and right edge 112 thereof.

[0040] In some embodiments the junction 116B could
be closer to one edge than the opposing one. For exam-
ple, the junction 116B could be closer to the top edge
108 than the lower edge 110 or the right edge 112 than
the left edge 114. What is important is that the current
collector comprises at least two portions 116A, 116C that
meet each other at a junction 116B in an angular or "ra-
dial" relationship with respect to each other. Fig. 3B
shows the current collector junction 116B being closer
to the left edge 114 than the right edge 112 with the prox-
imal end 116C extending toward the right edge 112.
[0041] Except for the upstanding portion of the distal
portion 116A of the current collector 116, separator 118
envelopes the lithium foil 102. Suitable materials for the
current collector 116 include nickel and stainless steel,
as well as titanium, copper, tungsten, tantalum, and al-
loys thereof. The current collector 116 is in a preferred
foil form with a thin planar surface and rectangular cross
section perpendicular to the length of both the distal and
proximal portions 116A, 116B. The current collector 116
may also be a wire with a width and a round cross section.
However, the preferred embodiment of the current col-
lector 116 is of a planar foil shape.
[0042] Preferably, the distal current collector portion
116A is of a width that is from about 1% to about 20%
the width of the anode body 102 measured from the right
edge 112 to the left edge 114 thereof. Also, the distal
portion 116A extends into the lithium body 102 from about
10% to about 90% of the distance measured from the
upper edge 108 to the lower edge 110 thereof. The prox-
imal portion 116C is of a width that is about 1% to about
20% the height of the anode body 102 measured from
the upper edge 108 to the lower edge 110. Likewise, the
proximal portion 116C in the lithium body 102 extends
from about 10% to about 90% of the distance measured
from the right edge 112 to the left edge 114 thereof. A
preferred thickness for the current collector is from about
0.0005" to about 0.0100".
[0043] Figs. 5 and 6 illustrate an alternate embodiment
of an anode 200 according to the invention. The anode
includes a current collector 216 devoid of perforations
and of similar materials as current collector 116. Current
collector 216 comprises a distal portion 216A meeting
opposed right and left proximal portions 216B and 216C
at a junction 216D. Proximal portions 216B, 216C are
perpendicular to the distal portion 216A. The proximal
portions 216B, 216C directly oppose each other at the
junction 216D forming a "T-shape". The distal portion
216A, junction 216D and proximal portions 216B, 216C
each have a substantially constant width and length.
[0044] As with the current collector 116 described in
Figs. 3A, 3B and 4, the preferred width for the portions
216A to 216C is from about 1% to 20% the width of the
anode body 102, designed as X, measured from the right
edge 112 to the left edge 114 thereof. Also, the distal
portion 216A extends into the lithium body 102 from about
10% to about 90% of the distance measured from the
upper edge 108 to the lower edge 110 thereof, designed
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as Y. For reference, the width between right edge 112 to
the left edge 114 is labeled X and the length between top
edge 108 and bottom edge 110 is labeled Y in Fig. 5.
Likewise, the terminal end of the right proximal portion
216B extends in the lithium body 102 a distance spaced
from the right edge 112 thereof. A preferred thickness
for the current collector is from about 0.0005" to about
0.0100".
[0045] As with the previous embodiment, the current
collector 216 is preferably centered between the front
face 106 and back face 104 of the anode 200 as illustrated
in Fig. 6. In addition, the junction 216D is preferably cen-
tered in the anode 200 between opposed edges 108, 110
and 112, 114. In that respect, the junction 216D of the
"T-shaped" current collector 216 may be positioned with-
in the various areas of the anode 200, as indicated by
the designated labels A, B, C and D in Fig. 5. The four
areas A, B, C and D are of equal length and width and
are defined in the same manner as previously described.
The preferred orientation of this exemplary embodiment
is to have the junction 216D situated about the intersec-
tion of the bisecting axes. The distal portion 216A is par-
allel about the axis that bisects the left edge 114 and right
edge 112. The longitudinal axes of the extending arms
of the current collector, i.e. the proximal portions 216B,
216C are parallel to the axis that bisects the top edge
108 and bottom edge 110.
[0046] Figs. 7 and 8 illustrate an additional embodi-
ment of the present invention. In this embodiment the
current collector is in the shape of a "cross". As illustrated,
anode 300 includes a current collector 316 devoid of per-
forations and of similar materials as current collector 116.
Current collector 316 comprises a distal portion 316A
meeting respective right, middle and left proximal por-
tions 316B, 316C and 316D at a junction 316E. Each of
the portions 316A, 316B, 316C and 316D is perpendic-
ular to one another about the junction 316E.
[0047] It can also be appreciated by one skilled in the
art that additional distal portions can be added. The cur-
rent collector can be constructed such that there are four,
five, six or more proximal portions of similar or differing
lengths and widths protruding from a junction that may
or may not be equally distant from each other. In this
alternate embodiment, the current collector would re-
semble a star shape rather than a cross.
[0048] In a preferred embodiment, the current collector
junction 316E is positioned about the intersection of the
axis that bisects the top edge 108 and bottom edge 110
of the anode body 102 as well as the axis that bisects
the left edge 114 and right edge 112 thereof. The longi-
tudinal axes of the proximal portions 316B, 316D are par-
allel about the axis that bisects the top edge 108 and
bottom edge 110 of the anode body 102. That way, the
three proximal portions 316B, 316C and 316D extend
from the junction of the current collector at 90° angles
from each other. These extending proximal portions are
positioned preferably parallel about the bisecting axes of
the anode 300 in such a manner that the junction 316E

is positioned about the center of the anode body 102.
[0049] Fig. 9 illustrates a further embodiment of the
present invention. In the embodiments shown, the anode
400 is of a "scalloped" shape. The exemplary anode 400
is comprised of a first anode plate 430, a second anode
plate 432, a third anode plate 434, a fourth anode plate
436 and a fifth anode plate 438. Each of the anode plates
430, 432, 434 and 436 has a curved edge meeting a
generally planar upper edge. For example, plate 438 has
a curved ellipsoidal edge 440 meeting an upper edge
442. A trough point 444 of the curved edge 440 is spaced
from a junction half way along the length of the upper
edge 442 to provide the anode plate 438 with a height.
[0050] It should be noted that the exemplary anode
400 shown in Fig. 9 is provided with five anode plates.
Depending on the specific use of the cell, the designer
may choose to have more or less anode plates. In addi-
tion, the anode plates 430, 432, 434, 436 and 438 are
shown getting progressively larger in size. This type of
design is known in the art as a prismatic plate design.
The anode plates are folded together with an overlaying
cathode such that the second largest plate is adjacent to
its next largest counterpart. This design affords the elec-
trochemical cell designer added space efficiency. The
anode plates may also be about the same size.
[0051] The current collector 416 is devoid of perfora-
tions and of materials similar to those of current collectors
116, 216 and 316. Current collector 416 comprises a met-
al lead which comprises a right and left proximal portions
416A and 416B meeting an intermediate portion 416C
at respective junctions 416D and 416E. Distal portions
416E and 416F extend upwardly through the lithium foil
from the junctions 416D and 416E, respectively. In a pre-
ferred embodiment, there is a 90° angle between the lon-
gitudinal axes of the proximal portions 416A, 416B and
the respective distal portions 416F and 416G.
[0052] The intermediate portion 416C is a continuous
metal lead that connects the first anode plate 430 to the
second anode plate 432 to the third anode plate 436 to
the fourth anode plate 436 and finally to the fifth anode
plate 438. A first bare section 420 is shown between the
first anode plate 430 and second anode plate 432. A sec-
ond bare section 422 connects the second anode plate
432 to the third anode plate 434. A third bare section 424
connects the third anode plate to the fourth anode plate.
Finally, a fourth bare section 426 connects the fourth an-
ode plate 436 to the fifth anode plate 438. Each of the
four bare sections of the anode plate 420, 422, 424 and
426 are void of lithium metal.
[0053] A relatively high anode to cathode capacity ratio
(A/C ratio) makes the screen-less anodes 100, 200, 300
and 400 possible. Preferably, the anode active material
to the cathode active material based on a gram amount
of the active materials has an A/C ratio greater than about
1.2 to up to about 5. Due to the use of extra lithium, i.e.,
a relatively thicker lithium foil, the lithium is not totally
consumed within the useful cell discharge life. Instead,
the excess lithium serves as a secondary anode current
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collector throughout cell discharge life in addition to the
metal current collectors 116, 216, 316 and 416 of the
present invention. Due to the presence of the excess
lithium, the cell performance variation at the end of dis-
charge, caused by a lithium "Swiss cheese" effect is elim-
inated.
[0054] The assembly of the cells described herein can
be in the prismatic design shown in Fig. 9 or in the form
of a wound element configuration. That is, the fabricated
anode, cathode and separator are wound together in a
"jellyroll" type configuration or "wound element cell stack"
such that the anode is on the outside of the roll to make
electrical contact with the cell case in a case-negative
configuration. Using suitable top and bottom insulators,
the wound cell stack is inserted into a metallic case of a
suitable size dimension. The metallic case may comprise
materials such as stainless steel, mild steel, nickel-plated
mild steel, titanium, tantalum or aluminum, but not limited
thereto, so long as the metallic material is compatible for
use with components of the cell.
[0055] The cell header comprises a metallic disc-
shaped body with a first hole to accommodate a glass-
to-metal seal/terminal pin feedthrough and a second hole
for electrolyte filling. The glass used is of a corrosion
resistant type having up to about 50% by weight silicon
such as CABAL 12, TA 23, FUSITE 425 or FUSITE 435.
The positive terminal pin feedthrough preferably com-
prises titanium although molybdenum, aluminum, nickel
alloy, or stainless steel can also be used. The cell header
is typically of a material similar to that of the case. The
positive terminal pin supported in the glass-to-metal seal
is, in turn, supported by the header, which is welded to
the case containing the electrode stack. The cell is there-
after filled with the electrolyte solution described herein-
above and hermetically sealed such as by close-welding
a stainless steel ball over the fill hole, but not limited there-
to.
[0056] The above assembly describes a case-nega-
tive cell, which is the preferred construction of present
invention cells. As is well known to those skilled in the
art, however, the exemplary cells can also be constructed
in case-positive configurations.
[0057] It is appreciated that various modifications to
the inventive concepts described herein may be apparent
to those of ordinary skill in the art without departing from
the spirit and scope of the present invention as defined
by the appended claims.
[0058] Preferred embodiments of the present inven-
tion are described below and are referred to as embod-
iments E1 to E32:

E1. An electrochemical cell, which comprises:

a) a casing;
b) an anode comprising:

i) a body of lithium as an anode active ma-
terial having an upper edge and a spaced

apart lower edge defining an anode height,
both the upper and lower edges extending
to and meeting with right and left edges de-
fining an anode width; and
ii) an anode current collector as a metal strip
devoid of perforations and having a length
extending from a distal end of a distal por-
tion to a proximal end of at least one prox-
imal portion contacted by the lithium body,
the distal end being electrically connected
to an anode terminal; and

c) a cathode of at least one cathode active ma-
terial contacted to at least one side of a cathode
current collector;
d) a separator disposed between the anode and
the cathode to prevent direct physical contact
between them; and
e) a nonaqueous electrolyte activating the an-
ode and the cathode housed inside the casing.

E2. The electrochemical cell of E1 wherein a width
of the distal portion is from about 1% to about 20%
the anode width measured from the right edge to the
left edge of the lithium body.

E3. The electrochemical cell of E1 wherein the distal
portion extends into the lithium body from about 2%
to about 100% of its height measured from the upper
edge to the lower edge thereof.

E4. The electrochemical cell of E1 wherein a first
longitudinal axis of the distal portion meets a second
longitudinal axis of the at least one proximal portion
at an angle ranging from 20° to 160°.

E5. The electrochemical cell of E1 wherein the lith-
ium body is not in contact with a casing sidewall.

E6. The electrochemical cell of E1 wherein the metal
strip has either a uniform or non-uniform width along
its length from the proximal end to the distal end
thereof.

E7. The electrochemical cell of E1 wherein the cas-
ing is the anode terminal.

E8. The electrochemical cell of E1 wherein the lith-
ium is provided in an anode to cathode capacity ratio
(A/C ratio) of from about 1.2 to about 5 based on a
gram amount of the anode active material to the cath-
ode active material.

E9. The electrochemical cell of E1 wherein the cath-
ode active material is selected from the group con-
sisting of silver vanadium oxide (SVO), copper silver
vanadium oxide (CSVO), V2O5, MnO2, TiS2, Cu2S,
FeS, FeS2, copper oxide, copper vanadium oxide,
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CFx, Ag2O, Ag2O2, CuF, LiCoO2, LiNiO2, LiMnO2,
Ag2CrO4, and mixtures thereof.

E10. An electrochemical cell, which comprises:

a) a casing;
b) an anode comprising:

i) lithium as an anode active material having
an upper edge and a spaced apart lower
edge defining an anode height, both the up-
per and lower edges extending to and meet-
ing with right and left edges defining an an-
ode width; and
ii) an anode current collector as a metal strip
devoid of perforations and having a length
extending from a distal end of a distal por-
tion to a proximal end of at least one prox-
imal portion contacted by the lithium body,
the distal end being electrically connected
to an anode terminal; and

c) a cathode of a first cathode active material
having a relatively low energy density but a rel-
atively high rate capability contacted to one side
of a cathode current collector and with a second
cathode active material having a relatively high
energy density but a relatively low rate capability
contacted to the other side of the cathode cur-
rent collector;
d) a separator disposed between the anode and
the cathode to prevent direct physical contact
between them; and
e) a nonaqueous electrolyte activating the an-
ode and the cathode housed inside the casing.

E11. The electrochemical cell of E10 wherein a width
of the distal portion is from about 1% to about 20%
the anode width measured from the right edge to the
left edge of the lithium body.

E12. The electrochemical cell of E10 wherein the
distal portion extends into the lithium body from
about 2% to about 100% of its height measured from
the upper edge to the lower edge thereof

E13. The electrochemical cell of E10 wherein a first
longitudinal axis of the distal portion meets a second
longitudinal axis of the proximal portion at an angle
ranging from 20° to 160°.

E14. The electrochemical cell of E10 wherein the
cathode is provided in a configuration selected from
the group consisting of:

i) SVO/current collector/CFx;
ii) SVO/current collector/SVO/CFx;
iii) CFx/SVO/current collector/SVO/CFx; and

iv) SVO/CFx/current collector/CFx/SVO.

E15. The electrochemical cell of E10 wherein the
second cathode active material faces the anode.

E16. The electrochemical cell of E10 wherein the
lithium is provided in an anode to cathode capacity
ratio (A/C ratio) from about 1.2 to about 5 based on
a gram amount of the anode active material to the
total gram amounts of the first and second cathode
active materials.

E17. The electrochemical cell of E10 wherein the
anode and cathode are electrochemically associat-
ed with each other in a configuration of:

anode/[separator/cathode/separator/anode]n,
wherein n ≥ 1.

E18. The electrochemical cell of E10 wherein a cas-
ing sidewall serves as the anode terminal for an elec-
trode assembly having a configuration of: casing
sidewall/anode/separator/cathode/separator/an-
ode/separator/casing sidewall.

E19. The electrochemical cell of E10 wherein the
first cathode active material is selected from the
group consisting of silver vanadium oxide (SVO),
copper silver vanadium oxide (CSVO), V2O5, MnO2,
LiCoO2, LiNiO2, LiMnO2, TiS2, Cu2S, FeS, FeS2,
copper oxide, copper vanadium oxide, and mixtures
thereof, and the second cathode active material is
selected from the group consisting of CFx, Ag2O,
Ag2O2, CuF, Ag2CrO4, MnO2, SVO, and mixtures
thereof.

E20. The electrochemical cell of E10 wherein the
cathode current collector is selected from the group
consisting of stainless steel, titanium, tantalum, plat-
inum, gold, aluminum, cobalt nickel alloys, highly al-
loyed ferritic stainless steel containing molybdenum
and chromium, and nickel-, chromium-, and molyb-
denum-containing alloys, and if titanium, it has a
coating selected from the group consisting of graph-
ite/carbon material, iridium, iridium oxide and plati-
num provided thereon.

E21. The electrochemical cell of E10 wherein the
electrolyte has a first solvent selected from the group
consisting of tetrahydrofuran, methyl acetate, dig-
lyme, triglyme, tetraglyme, dimethyl carbonate, 1,2-
dimethoxyethane, 1,2-diethoxyethane, 1-ethoxy,2-
methoxyethane, ethyl methyl carbonate, methyl pro-
pyl carbonate, ethyl propyl carbonate, diethyl car-
bonate, dipropyl carbonate, and mixtures thereof, a
second solvent selected from the group consisting
of propylene carbonate, ethylene carbonate, buty-
lene carbonate, acetonitrile, dimethyl sulfoxide,

15 16 



EP 2 317 591 A1

10

5

10

15

20

25

30

35

40

45

50

55

dimethyl formamide, dimethyl acetamide, γ-valerol-
actone, γ-butyrolactone, N-methyl-pyrrolidinone,
and mixtures thereof, and a lithium salt selected from
the group consisting of LiPF6, LiBF4, LiAsF6, LiSbF6,
LiClO4, LiO2, LiAlCl4, LiGaCl4, LiC(SO2CF3)3, LiN
(SO2CF3)2, LiSCN, LiO3SCF3, LiC6F5SO3,
LiO2CCF3, LiSO6F, LiB(C6H5)4, LiCF3SO3, and mix-
tures thereof.

E22. An implantable medical device, which compris-
es: a housing; a control circuitry contained inside the
housing to control functioning of the medical device;
and an electrochemical cell contained inside the
housing for powering the control circuitry, the im-
provement in the cell comprising:

a) a casing;
b) an anode comprising:

i) a body of lithium as an anode active ma-
terial having an upper edge and a spaced
apart lower edge defining an anode height,
both the upper and lower edges extending
to and meeting with right and left edges de-
fining an anode width; and
ii) an anode current collector as a metal strip
devoid of perforations and having a length
extending from a distal end of a distal por-
tion to a proximal end of at least one prox-
imal portion contacted by the lithium body,
the distal end being electrically connected
to an anode terminal; and

c) a cathode of a first cathode active material
having a relatively low energy density but a rel-
atively high rate capability contacted to one side
of a cathode current collector with a second
cathode active material having a relatively high
energy density but a relatively low rate capability
contacting the opposite side of the cathode cur-
rent collector, and wherein the second cathode
active material faces the anode;
d) a separator disposed between the anode and
the cathode to prevent direct physical contact
between them; and
e) a nonaqueous electrolyte activating the an-
ode and the cathode housed inside the casing.

E23. The medical device of E22 wherein the first
cathode active material is selected from the group
consisting of SVO, CSVO, V2O5, MnO2, LiCoO2,
LiNiO2, LiMnO2, TiS2, Cu2S, FeS, FeS2, copper ox-
ide, copper vanadium oxide, and mixtures thereof
and the second cathode active material is selected
from the group consisting of CFx, Ag2O, Ag2O2, CuF,
Ag2CrO4, MnO2, SVO, and mixtures thereof.

E24. The medical device of E22 selected from the

group consisting of a cardiac pacemaker, a defibril-
lator, a neurostimulator, a drug pump, a hearing as-
sist device, and a bone growth device.

E25. A method for providing an electrochemical cell,
comprising the steps of:

a) providing a casing;
b) providing an anode comprising:

i) a body of lithium as an anode active ma-
terial having an upper edge and a spaced
apart lower edge defining an anode height,
both the upper and lower edges extending
to and meeting with right and left edges de-
fining an anode width; and
ii) an anode current collector as a metal strip
devoid of perforations and having a length
extending from a distal end of a distal por-
tion to a proximal end of at least one prox-
imal portion contacted by the lithium body,
the distal end being electrically connected
to an anode terminal; and

c) providing a cathode of a cathode active ma-
terial;
d) disposing a separator between the anode and
the cathode to prevent direct physical contact
between them housed inside the casing; and
e) activating the anode and the cathode with a
nonaqueous electrolyte.

E26. The method of E25 including providing a width
of the distal portion being from about 1% to about
20% the anode width measured from the right edge
to the left edge of the lithium body.

E27. The method of E25 including providing the dis-
tal portion extending into the lithium body from about
2% to about 100% of its height measured from the
upper edge to the lower edge thereof E28. The meth-
od of E25 including providing a first longitudinal axis
of the distal portion meeting a second longitudinal
axis of the proximal portion at an angle ranging from
20° to 160°.

E29. The method of E25 including providing the lith-
ium in an anode to cathode capacity ratio (A/C ratio)
ranging from about 1.2 to about 5 based on a gram
amount of the anode active material to the total gram
amounts of the first and second cathode active ma-
terials.

E30. The method of E25 including selecting the first
cathode active material from the group consisting of
silver vanadium oxide (SVO), copper silver vanadi-
um oxide (CSVO), V2O5, MnO2, LiCoO2, LiNiO2,
LiMnO2, TiS2, Cu2S, FeS, FeS2, copper oxide, cop-
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per vanadium oxide, and mixtures thereof, and the
second cathode active material from the group con-
sisting of CFx, Ag2O, Ag2O2, CuF, Ag2CrO4, MnO2,
SVO, and mixtures thereof.

E31. The method of E25 including selecting the cath-
ode current collector from the group consisting of
stainless steel, titanium, tantalum, platinum, gold,
aluminum, cobalt nickel alloys, highly alloyed ferritic
stainless steel containing molybdenum and chromi-
um, and nickel-, chromium-, and molybdenum-con-
taining alloys, and if titanium, it has a coating select-
ed from the group consisting of graphite/carbon ma-
terial, iridium, iridium oxide and platinum provided
thereon.

E32. The method of E25 including providing the elec-
trolyte has a first solvent selected from the group
consisting of tetrahydrofuran, methyl acetate, dig-
lyme, triglyme, tetraglyme, dimethyl carbonate, 1,2-
dimethoxyethane, 1,2-diethoxyethane, 1-ethoxy,2-
methoxyethane, ethyl methyl carbonate, methyl pro-
pyl carbonate, ethyl propyl carbonate, diethyl car-
bonate, dipropyl carbonate, and mixtures thereof, a
second solvent selected from the group consisting
of propylene carbonate, ethylene carbonate, buty-
lene carbonate, acetonitrile, dimethyl sulfoxide,
dimethyl formamide, dimethyl acetamide, γ-valerol-
actone, γ-butyrolactone, N-methyl-pyrrolidinone,
and mixtures thereof, and a lithium salt selected from
the group consisting of LiPF6, LiBF4, LiAsF6, LiSbF6,
LiClO4, LiO2, LiAlCl4, LiGaCl4, LiC(SO2CF3)3, LiN
(SO2CF3)2, LiSCN, LiO3SCF3, LiC6F5SO3,
LiO2CCF3, LiSO6F, LiB(C6H5)4, LiCF3SO3, and mix-
tures thereof.

Claims

1. An electrochemical cell, which comprises:

a) a casing;
b) an anode comprising:

i) a body of lithium as an anode active ma-
terial having an upper edge and a spaced
apart lower edge defining an anode height,
both the upper and lower edges extending
to and meeting with right and left edges de-
fining an anode width; and
ii) an anode current collector as a metal strip
devoid of perforations and having a length
extending from a distal end of a distal por-
tion to a proximal end of at least one prox-
imal portion contacted by the lithium body,
the distal end being electrically connected
to an anode terminal; and

c) a cathode of at least one cathode active ma-
terial contacted to at least one side of a cathode
current collector;
d) a separator disposed between the anode and
the cathode to prevent direct physical contact
between them; and
e) a nonaqueous electrolyte activating the an-
ode and the cathode housed inside the casing.

2. The electrochemical cell of claim 1 wherein the lith-
ium body is not in contact with a casing sidewall.

3. The electrochemical cell of claim 1 or claim 2 wherein
the metal strip has either a uniform or non-uniform
width along its length from the proximal end to the
distal end thereof.

4. The electrochemical cell of any of claims 1 to 3
wherein the cathode active material is selected from
the group consisting of silver vanadium oxide (SVO),
copper silver vanadium oxide (CSVO), V2O5, MnO2,
TiS2, Cu2S, FeS, FeS2, copper oxide, copper vana-
dium oxide, CFx, Ag2O, Ag2O2, CuF, LiCoO2,
LiNiO2, LiMnO2, Ag2CrO4, and mixtures thereof.

5. An electrochemical cell according to claim 1, which
comprises:

a) a casing;
b) an anode comprising:

i) lithium as an anode active material having
an upper edge and a spaced apart lower
edge defining an anode height, both the up-
per and lower edges extending to and meet-
ing with right and left edges defining an an-
ode width; and
ii) an anode current collector as a metal strip
devoid of perforations and having a length
extending from a distal end of a distal por-
tion to a proximal end of at least one prox-
imal portion contacted by the lithium body,
the distal end being electrically connected
to an anode terminal; and

c) a cathode of a first cathode active material
having a relatively low energy density but a rel-
atively high rate capability contacted to one side
of a cathode current collector and with a second
cathode active material having a relatively high
energy density but a relatively low rate capability
contacted to the other side of the cathode cur-
rent collector;
d) a separator disposed between the anode and
the cathode to prevent direct physical contact
between them; and
e) a nonaqueous electrolyte activating the an-
ode and the cathode housed inside the casing.
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6. The electrochemical cell of claim 5 wherein the an-
ode and cathode are electrochemically associated
with each other in a configuration of:

anode/ [separator/ cathode/ separator/ anode]n,
wherein n ≥ 1.

7. The electrochemical cell of claim 5 or claim 6 wherein
the first cathode active material is selected from the
group consisting of silver vanadium oxide (SVO),
copper silver vanadium oxide (CSVO), V2O5, MnO2,
LiCoO2, LiNiO2, LiMnO2, TiS2, Cu2S, FeS, FeS2,
copper oxide, copper vanadium oxide, and mixtures
thereof, and the second cathode active material is
selected from the group consisting of CFx, Ag2O,
Ag2O2, CuF, Ag2CrO4, MnO2, SVO, and mixtures
thereof.

8. The electrochemical cell of any of claims 5 to 7
wherein the cathode current collector is selected
from the group consisting of stainless steel, titanium,
tantalum, platinum, gold, aluminum, cobalt nickel al-
loys, highly alloyed ferritic stainless steel containing
molybdenum and chromium, and nickel-, chromi-
um-, and molybdenum-containing alloys, and if tita-
nium, it has a coating selected from the group con-
sisting of graphite/carbon material, iridium, iridium
oxide and platinum provided thereon.

9. The electrochemical cell of any of claims 1 to 8
wherein a width of the distal portion is from about
1% to about 20% the anode width measured from
the right edge to the left edge of the lithium body.

10. The electrochemical cell of any of claims 1 to 9
wherein the distal portion extends into the lithium
body from about 2% to about 100% of its height
measured from the upper edge to the lower edge
thereof

11. The electrochemical cell of any of claims 1 to 10
wherein a first longitudinal axis of the distal portion
meets a second longitudinal axis of the proximal por-
tion at an angle ranging from 20° to 160°.

12. The electrochemical cell of any of claims 1 to 11
wherein the lithium is provided in an anode to cath-
ode capacity ratio (A/C ratio) from about 1.2 to about
5 based on a gram amount of the anode active ma-
terial to the total gram amount of the cathode active
material or materials.

13. An implantable medical device, which comprises: a
housing; a control circuitry contained inside the
housing to control functioning of the medical device;
and an electrochemical cell contained inside the
housing for powering the control circuitry, the im-
provement in the cell comprising:

a) a casing;
b) an anode comprising:

i) a body of lithium as an anode active ma-
terial having an upper edge and a spaced
apart lower edge defining an anode height,
both the upper and lower edges extending
to and meeting with right and left edges de-
fining an anode width; and
ii) an anode current collector as a metal strip
devoid of perforations and having a length
extending from a distal end of a distal por-
tion to a proximal end of at least one prox-
imal portion contacted by the lithium body,
the distal end being electrically connected
to an anode terminal; and

c) a cathode of a first cathode active material
having a relatively low energy density but a rel-
atively high rate capability contacted to one side
of a cathode current collector with a second
cathode active material having a relatively high
energy density but a relatively low rate capability
contacting the opposite side of the cathode cur-
rent collector, and wherein the second cathode
active material faces the anode;
d) a separator disposed between the anode and
the cathode to prevent direct physical contact
between them; and
e) a nonaqueous electrolyte activating the an-
ode and the cathode housed inside the casing.

14. The medical device of claim 13 wherein the first cath-
ode active material is selected from the group con-
sisting of SVO, CSVO, V2O5, MnO2, LiCoO2, LiNiO2,
LiMnO2, TiS2, Cu2S, FeS, FeS2, copper oxide, cop-
per vanadium oxide, and mixtures thereof and the
second cathode active material is selected from the
group consisting of CFx, Ag2O, Ag2O2, CuF,
Ag2CrO4, MnO2, SVO, and mixtures thereof.

15. The medical device of claim 13 or claim 14 selected
from the group consisting of a cardiac pacemaker,
a defibrillator, a neurostimulator, a drug pump, a
hearing assist device, and a bone growth device.

16. A method for providing an electrochemical cell, com-
prising the steps of:

a) providing a casing;
b) providing an anode comprising:

i) a body of lithium as an anode active ma-
terial having an upper edge and a spaced
apart lower edge defining an anode height,
both the upper and lower edges extending
to and meeting with right and left edges de-
fining an anode width; and
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ii) an anode current collector as a metal strip
devoid of perforations and having a length
extending from a distal end of a distal por-
tion to a proximal end of at least one prox-
imal portion contacted by the lithium body,
the distal end being electrically connected
to an anode terminal; and

c) providing a cathode of a cathode active ma-
terial;
d) disposing a separator between the anode and
the cathode to prevent direct physical contact
between them housed inside the casing; and
e) activating the anode and the cathode with a
nonaqueous electrolyte.
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